Stroke during pregnancy associated with moyamoya disease (MMD) has been reported sporadically, but no systematic surveys have been undertaken. To reveal the current clinical situation, the authors conducted Japan's first nationwide survey of pregnancy and delivery associated with MMD. A questionnaire was sent to all 270 perinatal medical centers across Japan to survey their experiences with delivery associated with MMD within the preceding 5 years (Survey I); another questionnaire was sent to 554 adult female patients with MMD regarding their experience with childbirth (Survey II). Survey I included 59 deliveries among patients with previously diagnosed MMD. The incidence of perinatal neurological events and morbidity was 5.1% and 1.7%, respectively. In another five cases, newly diagnosed after perinatal attacks, disability was noted in three cases, including one death from intracranial hemorrhage. Survey II included 278 deliveries. The perinatal attack rate was 6.6% in 76 previously diagnosed cases and 2.0% in 202 cases undiagnosed at pregnancy, but neither group reported permanent morbidity. Caesarean section in previously diagnosed cases accounted for 76.3% of deliveries in Survey I and 69.7% in Survey II, but no significant difference in event rate was found between caesarean section and vaginal delivery in either survey. Although the incidence of perinatal neurological events is low when MMD has been diagnosed, careful monitoring is required in light of the potential for stroke. Serious events, especially intracranial hemorrhage, can occur if MMD has not been diagnosed at pregnancy. Further efforts to establish management guidelines are required to ensure safer childbirth in patients with MMD.
Introduction
Moyamoya disease (MMD) is a cerebrovascular disease characterized by progressive bilateral stenoocclusion of the terminal internal carotid arteries accompanied by the extensive formation of collateral vessels (moyamoya vessels) at the base of the brain. 2, 13) MMD causes cerebral ischemic attacks as well as intracranial hemorrhage that is supposedly the result of excessive long-term hemodynamic stress to the moyamoya vessels. 8) MMD is more prevalent in females than in males and occurs most frequently during childhood and early adulthood 16) ; thus, it is not uncommon for patients to become pregnant and give birth. Pregnancy and delivery are known to significantly affect a woman's physical condition, and the incidence of brain attacks can increase in the perinatal period. 5, 17) Since the 1970s, several cases of stroke in pregnant patients with MMD have been reported, 1, 12) and these sporadic reports were reviewed in 1998. 6) However, no systematic surveys have ever been conducted, and no guidelines have been established for managing pregnancy and delivery associated with MMD. Even recommendations regarding delivery method (natural labor, painless labor, or caesarean section), for example, seem to differ between hospitals. Consequently, the authors designed and conducted a nationwide survey in Japan on the management of pregnancy and delivery in patients with MMD.
Methods
This survey comprises two sections: a survey of perinatal medical centers (Survey I) and a survey of 
I. Survey I
The survey questionnaires were sent to all 270 centers for maternal, fetal, and neonatal medicine across Japan regarding their experience during the preceding 5 years (January 2003-December 2007). These centers are designated to deal with high-risk pregnancies and deliveries. The questionnaire sought to determine the number of deliveries associated with MMD in each unit, the demographics of these patients, the details of any cerebrovascular events that occurred, and their clinical outcomes. Table 1 shows the questions contained in the questionnaire.
II. Survey II
This survey was conducted in cooperation with the Association of Persons with Moyamoya Disease and Their Families, which is the only Japanese association for patients with MMD, and represents 1,300 patients and their family members. The survey questionnaires regarding experiences with pregnancy and delivery were sent from the association's headquarters to all 554 adult female members. Table  2 lists the questions contained in the questionnaire. All reply forms were collected at the headquarters, and the data were provided to the authors for analysis after all personally identifiable information had been deleted.
III. Statistical analysis
The maternal prognosis was expressed with the modified Rankin scale (mRS) 15) at discharge. The data were presented as frequency or means ± standard deviation. Fisher's exact probability test was applied for categorical data. The analyses were performed with Statcel 3 (OMS Publishing Inc., Tokorozawa, Saitama).
Results of Survey I
Feedback was obtained from 132 medical centers (for a response rate of 48.9%). Among these centers, 33 (25.0%) had experienced a delivery associated with MMD, and 64 cases were recruited. These cases were divided into two groups: 59 cases in which MMD had been diagnosed before pregnancy (Group I-A); and 5 cases in which MMD had been newly diagnosed as a result of neurological incidents during pregnancy, delivery, or puerperium (Group I-B). Table 3 shows the clinical data. The mean age of the patients at delivery was 29.2 ± 4.1 years, with 54.2% being primipara. Thirty-four (57.6%) patients had previously undergone extracranial-intracranial (EC-IC) bypass surgery. Fourteen (23.7%) cases were managed with vaginal delivery (natural labor in 3 cases and painless labor with spinal epidural anesthesia in 11), whereas 45 (76.3%) cases were managed with caesarean section (scheduled in 41 cases, emergent change from vaginal delivery in 2, and others in 2). Although caesarean section tended to be selected more frequently for those who had not undergone previous bypass surgery, no statistical significance was found (p ＝ 0.07). Three cerebral events (5.1%) occurred during gestation (intracerebral hemorrhage in 1 case and transient ischemia in 2). A 30-year-old primipara who had been treated with EC-IC bypass developed intracerebral hemorrhage requiring emergent brain surgery. Although the child was delivered successfully by scheduled caesarean section at 32 weeks of gestation, this patient remained severely disabled (mRS 4). No sequelae were noted in the other two cases. No attacks occurred during delivery or during the puerperal period, and the neonates exhibited no problems associated with their mothers' MMD. Two stillbirths were delivered by intentional abortion, and one death during the infantile period was diagnosed as sudden infant death syndrome unrelated to MMD.
I. Group I-A (cases of MMD diagnosed previously)

II. Group I-B (cases of MMD newly diagnosed)
Perinatal cerebrovascular attacks occurred in 5 patients with undiagnosed MMD. Figure 1 shows the demographics and clinical course of these patients. The mean age at delivery was 30.0 ± 4.9 years. Three patients presented with intracranial hemorrhage, and 2 suffered cerebral ischemia. Case 1 had previously delivered twice developed intracranial hemorrhage during pregnancy and was newly diagnosed with MMD. After emergent brain surgery, her gestation continued and she delivered a baby by scheduled caesarean section at 37 weeks. The maternal outcome was good (mRS 0) and the child survived (although no reply was received regarding any deficits in the child). Case 2 was a primipara who experienced serious intracerebral hemorrhage during pregnancy (no data was provided regarding weeks of gestation). Although an emergency craniotomy and caesarean section were performed, the mother eventually died; the child exhibited no deficit. Case 3 primipara developed intracranial hemorrhage during natural vaginal labor at 39 weeks of gestation. The child was delivered by emergent caesarean section without deficits, but the mother was rendered disabled (mRS 2). Case 4 suffered an ischemic attack during pregnancy and MMD was diagnosed. An elective caesarean section was performed at 37 weeks of gestation and no deficit remained in either mother or child. Case 5 developed severe pregnancy-induced hypertension accompanied by fetal distress syndrome, which required a caesarean section at 31 weeks of gestation. The delivery was uneventful, but the patient developed a cerebral infarction 3 days after delivery, resulting in mild neurological deficits (mRS 1). The infant also exhibited a sequela caused by the fetal distress.
Results of Survey II
Feedback was obtained from 338 female patients (for a response rate of 61.0%). Among these, 146 patients (43.2%) had undergone 278 deliveries. Forty-seven patients had already been diagnosed with MMD before their first pregnancy, whereas 97 patients were diagnosed after delivering all their children. Another two patients were diagnosed with MMD after their first or second deliveries and subsequently gave birth to other infants. Thus, all deliveries could be divided into two groups: 76 deliveries by 49 patients with previously diagnosed MMD (Group II-A), and 202 deliveries by 99 patients unaware of their MMD at childbirth and diagnosed later in life (Group II-B). Table 4 shows the clinical data. The mean age of diagnosis with MMD was 13.2 ± 8.2 years (1 to 34 years), and 71.4% of the patients were diagnosed before the age of 20 years. EC-IC bypass was performed in 44 (89.8%) patients and 63 (82.9%) deliveries occurred after surgical treatment. Among all 76 deliveries, 23 (30.3%) were vaginal deliveries, and 53 (69.7%) underwent caesarean section. The occurrence of previous bypass surgery had no significant effect on the selection of delivery methods (p ＝ 0.37).
I. Group II-A (cases of MMD diagnosed previously)
Neurological events were detected in 5 (6.6%) deliveries. Although all these patients had undergone bypass surgery previously, the incidence of the event in surgically-operated cases was not significantly different from non-operated cases (p ＝ 0.38). Two events occurred during delivery and three occurred during the puerperal periods, and all were transient, leaving no deficit. The incidence of neurological events did not differ between vaginal delivery and caesarean section (p ＝ 0.51). No neurological events were reported during these pregnancies. Table 5 shows detailed data. The mean age at diagnosis of MMD was 43.1 ± 10.7 years (23 to 69 years), and it is difficult to clarify whether the patients in this group had already contracted MMD or the level of severity. Among all 202 deliveries, 183 (90.6%) were vaginal deliveries, while caesarean section was employed in 19 (9.4%) cases. Transient neurological events were noted in four (2.0%) cases, all related to vaginal delivery. No serious events occurred leading to deficits, and no adverse events during pregnancy were reported.
II. Group II-B (cases of MMD undiagnosed at childbirth)
Discussion
This is the first nationwide survey of pregnancy and delivery associated with MMD in Japan. The authors designed a survey for all the perinatal medical centers intended to reveal the current clinical situation regarding pregnancy and delivery associated with MMD (Survey I). While this design has the advantage of providing accurate medical information on each delivery, it also has the potential disadvantages of limiting each observation period to only a single perinatal period while failing to extract information about the medical history of each patient. This information is important, especially when a patient has given birth repeatedly. Another survey, therefore, was designed as Survey II. A major limitation must be noted, that patients who responded to the questionnaire were likely to be those in relatively good condition, as any fatalities or severely-disabled patients would have dropped out (inclusion bias). Furthermore, there might be some recall bias in this type of survey. Accordingly, the results must be viewed with careful consideration for these biases. This survey revealed that the incidence of the serious perinatal neurological complications is low when MMD has been diagnosed and treated previously. The one case of intracerebral hemorrhage during the gestational period, however, indicates that this group still has a risk of devastating perinatal stroke. In general, pregnancy induces various physiological changes including hypercoagulability, pregnancy-induced hypertension, and eclampsia. 4, 14) Accordingly, intracranial ischemic and hemorrhagic attacks are believed to increase in pregnancy. 5, 17) In MMD, an EC-IC bypass has been reported to apparently improve hemodynamic ischemia, 10, 11) so it is possible that previous surgical treatments serve to protect against perinatal ischemic stroke to some extent. However, neither positive nor negative effect of EC-IC bypass on the pregnancy and delivery with MMD was proved in this survey. As for intracranial hemorrhage, the preventive effect of an EC-IC bypass remains totally unproven 3, 18) and is now under examination in the Japan Adult Moyamoya Trial, which is a randomized controlled trial to study the effect of EC-IC bypass surgery on hemorrhagic MMD. 9) Scheduled caesarean section was employed in over two-thirds of the patients already diagnosed with MMD, and no serious events were noted during delivery. This selection could be the result of an obstetrician's decision to avoid hyperventilation and excessive elevation of blood pressure during natural labor. However, the present study detected no serious stroke during vaginal delivery. Therefore, there seems to be no evidence that vaginal delivery should be avoided in cases of MMD. It is notable that painless labor with epidural anesthesia was successfully undertaken in many of the recent cases of vaginal delivery with MMD in Survey I.
At present, there is no definite evidence for the management of pregnancy with already diagnosed MMD. However, in terms of the perinatal physiological changes and the susceptibility to both ischemic and hemorrhagic stroke in MMD, it is desirable that the cerebral hemodynamic state should be well evaluated before pregnancy, and treated if severely impaired. In addition, extreme hypertension should be corrected during the perinatal period. Caesarean section is a good choice, but painless vaginal delivery can be also considered. The present study revealed that fatal stroke can occur if a patient with undiagnosed MMD becomes pregnant. Severe disability or death resulted from hemorrhage rather than ischemia, which is the same result as seen in previous reports. 6) This study also identified a case of intracranial hemorrhage just during vaginal delivery. The relationship between perinatal hypertension and hemorrhagic event is unclear, as detailed data on patient blood pressure were not requested in the questionnaire. In addition, the frequency of perinatal stroke cannot be estimated because it is impossible to determine the number of pregnant women with occult, asymptomatic MMD. Realistically, it appears quite difficult to prevent catastrophic perinatal hemorrhagic stroke from moyamoya vessels if MMD remains undiagnosed. The low prevalence of MMD (6.03 per 100,000 Japanese 7) and much lower in Western countries) does not justify the screening of all young women with magnetic resonance angiography. At present, the course of action seems limited to taking precautions for pregnancy-induced hypertension and making an accurate diagnosis immediately after the onset of stroke, which enables effective treatment in the acute period.
In Survey II, while some minor events occurred with low frequency, no serious event was detected with pregnancy and delivery in patients with undiagnosed MMD. Although this appears curious at first glance, some reasons can be given for this result. In all but two patients, diagnosis of MMD was made after all births had taken place, and it is unclear whether the onset of MMD predated the births and how severely it affected the patients. In addition, Survey II has the above-mentioned inclusion bias that could be caused by the dropping out of catastrophic cases. Therefore, the risk of undiagnosed MMD-associated pregnancy should not be underestimated.
For any pediatric and young-adult female MMD patient, expected pregnancy is a serious issue. The present study has revealed the current situation, but further research is needed regarding selection of the delivery method, the effect of previous bypass surgery on perinatal stroke prevention, and early diagnosis and clinical management following cerebrovascular events in undiagnosed cases. Furthermore, it should be emphasized that greater coordination among obstetricians, neurologists, and neurosurgeons could help female patients with MMD give birth with greater success. The authors strongly hope that practical guidelines for managing MMDassociated pregnancy are established in the near future.
